1. Introduction {#sec1}
===============

Nanotechnology has received broad attention because of its distinctive properties and applications. Nanostructured has become one of the most important of material with unique properties duo to small size and high surface area [@bib1]. ZnO has been one of the hottest topics in recent years due to their unique properties and potential applications \[[@bib2], [@bib3], [@bib4], [@bib5], [@bib6]\]. Nanostructured zinc oxide materials have become one of attractive research fields due to expansion of application in different aspects [@bib7]. Zinc oxide nanomaterials are one of richest nanostructures in terms of variety of morphology and application \[[@bib8], [@bib9]\]. Based on condition and synthesis method, ZnO nanostructures were observed with different shapes such as nanoneedles [@bib10], nanowires \[[@bib11], [@bib12], [@bib13], [@bib14], [@bib15]\], nanorods [@bib16], nanotubes \[[@bib17], [@bib18]\], nanobelts [@bib19], nanosheets \[[@bib20], [@bib21], [@bib22]\], nanoparticles \[[@bib23], [@bib24], [@bib25], [@bib26]\], and nanowhiskers [@bib27]. Much efforts have been devoted to different methods of zinc oxide nanostructures synthesis with tunable size and shape such as sol--gel [@bib28], green synthesis [@bib29], hydrothermal \[[@bib30], [@bib31]\], laser ablation [@bib32], pyrolysis [@bib33], ionic liquid precursor [@bib34], sonochemical [@bib35], and thermal decomposition \[[@bib36], [@bib37]\].

Nanostructures play an important role to improve the electronic properties including sensing, production efficiency, catalysis, etc. These materials have been widely investigated as key to achieve the ultra-high response \[[@bib38], [@bib39]\]. Photodetector is one of the important applications of nanomaterials with high-performance to develop large-area UV broadband \[[@bib40], [@bib41]\]. Zinc oxide nanomaterial has attracted much consideration for their potential applications in many areas \[[@bib42], [@bib43]\]. The use of zinc oxide has expanded for design and manufacture of UV photodetectors \[[@bib44], [@bib45]\]. Recently, UV blocking application has extended for ZnO nanoparticles. The regions of UV radiation are included UV-A (320--400 nm), UV-B (280--320 nm), and UV-C (180--280 nm) that protection of them can be important role on safety \[[@bib8], [@bib46]\]. Other application of ZnO NPs has been the major role of them in significant interest worldwide for antibacterial activity with focus on their safety and effectiveness against Gram-positive and Gram-negative bacteria \[[@bib8], [@bib47]\]. Zinc oxide nanoparticles were often acted through destruction mechanism of bacterial wall similar to other nanoparticles as the most important antibiotics [@bib48].

Thermal decomposition of Zn-MOF is one of new route of methods for ZnO NPs synthesis [@bib49]. Metal organic framework, also known as porous coordination polymer, has attracted much special scientific attention due to their unique properties and emerging applications in recent years. MOF is composed of a three-dimensional (3D) network of organic-inorganic crystalline hybrid \[[@bib50], [@bib51]\]. Metal organic frameworks are synthesized via self-assembly method from the coordination of polydendate ligands as organic sectors and metal ions (or metal clusters) as inorganic sectors. MOFs have been attracted wide interest duo to large surface area, high pore volume, and adjustable shape and pore [@bib52]. Zinc-based metal organic framework is expanding as one of the most popular metal--organic coordination polymers. The controlled size and shape of Zn-MOF can be developed according to ligand type and the preparation conditions for various applications \[[@bib53], [@bib54]\]. MOF-5 was reported by Omar M. Yaghi in 1999 as Zn-MOF that synthesized by connection of Zn~4~O units and 1,4-benzenedicarboxylate ligands to form a cubic network with the formula Zn~4~O(BDC)~3~ [@bib55]. Zinc-based metal organic framework can be synthesized by solution and solvothermal methods \[[@bib56], [@bib57]\]. Recently, the effect of temperature and capping agent was reported on the size of MOF-5 [@bib58]. In this work, zinc oxide nanoparticles were prepared by thermal decomposition of prepared MOF-5 without and with tri-ethylamine by solution and solvothermal methods. The objective of the present study was to develop the effect of prepared ZnO NPs on UV blocking and antibacterial activity applications.

2. Materials and methods {#sec2}
========================

2.1. Materials {#sec2.1}
--------------

All chemicals used were analytical grade. Ultra-pure water was used for the preparation of all reagents solutions. The materials used for the synthesis of the ZnO NPs were purchased: zinc acetate dehydrate (Zn(O~2~CCH~3~)~2~(H~2~O)~2~) as the zinc precursor, terephthalic acid (C₆H₄(CO₂H)₂) as ligand, tri-ethylamine (N(CH₂CH₃)₃) as capping agent, dimethylformamide (C~3~H~7~NO) as solvent from Merck (Germany).

2.2. Synthesis of ZnO nanoparticles {#sec2.2}
-----------------------------------

The MOFs were prepared without and with capping agent via solution and solvothermal method for 2.5 h based on previous report [@bib35]. The samples called MOF-5 (I), MOF-5 (II), MOF-5 (III), and MOF-5 (IV) in condition without TEA at room temperature, with TEA at room temperature, without TEA at 90 °C, and with TEA at 90 °C respectively. Then, ZnO nanoparticles were synthesized by thermal decomposition of MOFs in an air atmosphere at 550 °C for 5 hours. Thermal decomposition of MOFs as porous materials was caused to remove the organic ligand and the form the primary nuclei of zinc oxide nanoparticles. At the result, ZnO nanoparticles were not porous, and the size can be related to the synthesis conditions of MOF-5 included temperature and presence and absence of the capping agent.

2.3. Characterization {#sec2.3}
---------------------

The samples were characterized by Fourier transform infrared, X-ray powder diffraction, dynamic light scattering, scanning electron microscope, X-ray diffraction, UV blocking, and antibacterial activity. Fourier transform infrared spectrum was recorded on a Unicam Matson 1000 FT-IR spectrophotometer using a KBr disks at room temperature. The X-ray diffraction was used for determination of crystalline structure of nanoparticles utilizing Cu Kα X-ray radiation with a voltage of 40 kV and a current of 30 mA by X\'pert pro diffractometer (ASENWARE, AW-XBN300, China). Scanning electron microscope was applied for investigation of size and morphology of nanoparticles (KYKY, EM3200, China). Energy-dispersive X-ray spectroscopy was evaluated the elemental and chemical analysis (ASK SEM-CL View VIS, Oxford instruments, UK). Diffuse reflection spectroscopy was evaluated the UV protective of nanoparticles (UV2550, Shimadzu). The antibacterial activities were studied by disk diffusion method against *Escherichia coli* as Gram-negative bacteria (ATCC 1399, Islamic Azad University).

3. Results and discussions {#sec3}
==========================

3.1. FTIR {#sec3.1}
---------

The IR absorption spectra of metal--organic frameworks were presented in previous report [@bib54]. The FTIR absorption spectrum of zinc nanoparticle was recorded in the range of 400--4000 cm^−1^ ([Fig. 1](#fig1){ref-type="fig"}). The O--H stretching vibrations appeared at 3440 cm^−1^. The peak at 2341 cm^−1^ is related to CO~2~ which exist in environment. The peak at 1385--1630 cm^−1^ is related to nitrate (NO~3~^-^) group. The absorption band at 431--444 cm^−1^ is confirmed the formation of ZnO NPs from metal-oxygen (Zn--O) vibration. Fourier transform infrared result is similar to a previously reported pattern [@bib47]. Based on the results, the peaks of resulting from the presence of ligands in MOFs were deleted which it is a qualitative confirmation of the synthesis of ZnO nanoparticles.Fig. 1FTIR spectra of prepared ZnO NPs from a) MOF-5 (I), b) MOF-5 (III), c) MOF-5 (II), and d) MOF-5 (IV).Fig. 1

3.2. XRD {#sec3.2}
--------

X-ray diffraction of MOFs were presented in previous report which conformed to the standard card [@bib54]. X-ray diffraction of zinc nanoparticles was measured from to 10--100° (2θ), which approved the crystalline structure ([Fig. 2](#fig2){ref-type="fig"}). The characteristic peaks were observed at 31.78, 34.44, 36.28, 47.55, 56.62, 62.83, 66.21°, 67.96°, and 68.10° (2θ angle) corresponding to crystal planes (100), (002), (101), (102), (110), (103), (200), (112), and (201) respectively. Based on the XRD results, ZnO NPs were correctly synthesized and crystalline structure was similar to the previously reported pattern (JCPDS card No. 36--1451) [@bib8]. Based on the XRD results, characteristic peaks of nanoparticles were corresponding with the crystalline structure ZnO, and was not observed characteristic peaks of MOFs as a precursor.Fig. 2XRD Pattern of prepared ZnO NPs from a) MOF-5 (I), b) MOF-5 (III), c) MOF-5 (II), and d) MOF-5 (IV).Fig. 2

3.3. SEM {#sec3.3}
--------

The SEM images of prepared ZnO nanoparticles are shown in [Fig. 3](#fig3){ref-type="fig"}. The ligands were destroyed by thermal decomposition method of MOFs at 550 °C for 5 hours and formed the primary nuclei of zinc oxide nanoparticles based on the synthesis conditions. SEM results were shown ZnO nanoparticles with spherical shape in nanometer scale. ZnO NPs show the average size of 110 nm for MOF-5 (I), 90 nm for MOF-5 (II), 100 nm for MOF-5 (III), and 80 nm for MOF-5 (VI). Based on SEM results, the smaller size of particles was observed in presence capping agent and temperature. In synthesis of MOFs, TEA as capping agent has prevented the growth of particles by blocking the crystalline plates, and resulted to the formation of MOFs with smaller size. Higher temperature for synthesis of MOFs was caused more nucleation of metal ion center, and the increasing of self-assembly for the formation of MOFs. As a result, thermal decomposition of smaller MOF was caused the formation of smaller ZnO nanoparticles.Fig. 3SEM images of prepared ZnO NPs from a) MOF-5 (I), b) MOF-5 (III), c) MOF-5 (II), and d) MOF-5 (IV).Fig. 3

3.4. EDS {#sec3.4}
--------

The X-ray diffraction spectroscopy was used to evaluate the chemical composition of zinc oxide nanoparticle. This analysis was clearly showed the identification strong peaks of zinc (Zn) and oxygen (O) elements and no other impurities are present. The EDS analysis of zinc oxide NP exhibited absorption bands with peaks at 1.0, 8.6, and 9.6 keV, which illustrated a typical absorption of the metallic zinc. Composition analysis of pure ZnO nanoparticles was reported in [Fig. 4](#fig4){ref-type="fig"}. The X-ray diffraction spectroscopy results were corresponding with previous reports \[[@bib58], [@bib59]\].Fig. 4EDS of prepared ZnO NPs from a) MOF-5 (I), b) MOF-5 (III), c) MOF-5 (II), and d) MOF-5 (IV).Fig. 4

3.5. DRS {#sec3.5}
--------

Diffuse reflection spectroscopy was used to characterize the optical properties \[[@bib58], [@bib59]\]. The absorption spectra of nanoparticles were recorded in the wavelength range of 200--800 nm in diffuse reflectance mode. The DRS absorption spectra of ZnO NPs showed the absorption peak observed in range of 200--400 nm. Based on the results, UV protective properties of ZnO nanoparticles approved in three Ultraviolet: UV-A, UV-B, and UV-C ([Fig. 5](#fig5){ref-type="fig"}). The diffuse reflection spectroscopy results were corresponding with previous reports [@bib8].Fig. 5DRS absorption rate of prepared ZnO NPs from a) MOF-5 (I), b) MOF-5 (III), c) MOF-5 (II), and d) MOF-5 (IV).Fig. 5

3.6. Antibacterial activity {#sec3.6}
---------------------------

Antibacterial activity of prepared ZnO NPs was investigated against *Escherichia Coli* as Gram-negative bacteria by agar diffusion method with constant concentration (0.01 g/ml). Based on the zone inhibition, the more antibacterial activity was observed for ZnO NPs with smaller size in presence of capping agent and higher temperature ([Table 1](#tbl1){ref-type="table"}). The effect of temperature was corresponding with previous reports for antibacterial activity results [@bib8]. According to previous report, the antibacterial activity is influenced by particle size, concentration, morphology, surface modifications. The main mechanisms of antibacterial activity for ZnO NPs are including: the direct contact with cell walls and the destruction of bacterial cell, the generation of reactive oxygen species (ROS), and release of antimicrobial ions mainly Zn^2+^ ions [@bib60]. In this study, the effective factors on antibacterial activity can be release NO^3-^ (caused by TEA) and Zn^2+^ (caused by a zinc cluster) ions, and metallic Zn. Based on the results, the TEA effect for MOF synthesis was more specified than temperature effect on antibacterial activity.Table 1Antibacterial activity of ZnO NPs.Table 1MOF-5 (IV)MOF-5 (III)MOF-5 (II)MOF-5 (I)ZnO NPs from MOF-58.63.58.13.14The zone inhibition (mm)

4. Conclusion {#sec4}
=============

The zinc oxide nanoparticles synthesized by thermal decomposition of prepared MOF-5 in different conditions. The XRD spectrum confirmed the pure ZnO crystalline structure for all samples. SEM results showed homogeneous nanoparticles with spherical morphology. In the present study, we successfully observed UV blocking and antibacterial activity applications of ZnO NPs. Thermal decomposition method of MOF can be used as a simple approach for the preparation of nanoparticles to different application fields such as food, pharmaceutical, cosmetic, agriculture and textile industries and become a major area of research for other nanoparticle preparation in the future.
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